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(57) PecfcepaT 

H3o6peTeHne othocmtch k 
Hecjyrenepepa6arbiBasoiMei?i npOMbimneHHOCTM n 

MO>KeT 6"blTb HCnOJ"lb30BaHO AH« OHMCTKH 

saKyyMHoro ra3oflna ot apoMaTunecKnx 
ymeBOAopoAOB, reiepoaTOMHbix coeAMHeHUM u 
coeAHHeHu^ Tfwenbix MeranjiOB c uenbHD 
nonyneHKH BbicoKOKaMecTBeHHoro cbipba ajis 
npoL^eccoB ruApoxpeKUHra w KaTannTunecKoro 
KpeKHHra. OAHOBpeMeHHO MoweT GbiTb nonyneH 

apOMaTMMeCKHM KOHL^eHTpaT c hhaskcom 

KOpperiHL^nn 6onee 120 v\ HBJifliomviiicfl 
b bi co KOKaM ecT B© h h bi m • cwpbeM Ana 
npon3BOACTBa rexHMMecKoro ymepOAa (ca>KM). 
Cnoco6 aaKTUOMaeTca b tom, mto omuctky 

npOBOAAT KOMOMHMpOBaHHbIM HpOL^eCCOM 
>KHAKOCTHOPi SKCTpajO^M. AByMfl 

pacTBopnTenaMn - nonapHbiM h HenonapHbiM c 
nocneAyKDinefi a3eoTponHOpi peKTUcpuKai^neM 



SKCTpaKTHOM C£a3bl C paCTBOpMTGfieM , 

oopa3yioinwM a3eoTponHbie cMecn c 
HacbiiAeHHbiMM ymeBOAOpoAaivin aKCTpaKTHOM 
0a3bi. B KanecTBe nonapHoro. pacTBopnTenn 
ncnonb3yiOT N-MeTH/inupporiMAOH, coAepwamufi 

8-10 MaC.% BOAbl npM MaCCOBOM COOTHOLUeHMM K 

Cbipbio 2-3:1. B KanecTBe HenonapHoro 
pacTBopnTena ncnorib3yK)T H-rervraH win 
AeapOMaTM3npoBaHHyK> 6eH3HHOByK> cfcpaKUkiio b 

MaCCOBOM COOTHOlLieHHI/l K CbipbHD 3KCTpaKL4HH 

0,4-0,5: 1. B KanecTBe a3eoTpono6pa3yK)ii;ero 
areHTa - sTkineHrnuKO/ib npn MaccoBOM 
cooTHoaieHnn k cwpbK) aKCTpaKL^nn 0,05-0,2:1. 
Cnoco6 no3Bon«eT noBbici/iTb ceneKTWBHOCTb 
npoqecca omuctkw BaKyyMHbix ra30wnefi ot 
nojinunKHUMecKnx apeHOB, reiepoaTOMHbix 
coeAUHeHutf n coeAMHeHMW TflKenbix MeiannoB 
c oAHOBpeivieHHbiM nonyMeHneM cbipba Ana 
npon3BOACTBa TexHtmecKoro yrnepoAa. 3 Ta6n. 



o 

CD 
CO 
00 

T- 

CM 
CM 



O 



-1- 



7J 



ho 
ro 

00 
CO 

<J> 
O 



H3o6peTeHne othocmtca k 
HecfrTenepepaoaTbiBaJometf npoMbiauieHHOcru u 

MOJKeT 6bJTb MCnOJlb30BaHO A/™ OHHCTKM 

BaKyyMHoro ra3oitnn ot, apoMaTHnecKwx 
ymeBOAOpOAOB, reTepoaTOMHbix coeflUHeHnCi u 
coeAHHeHnPi rnwenux MejaiuioB c ijenbfo 
nonyneHHn BbicoKOKanecTBeHHoro cbipbn Ana 
npoueccoa rwAPOKpeKUHra. n Kara/iHTHMecKoro 
KpeKUHra. OAHOBpeMeHHo no npeAnaraeMOMy 
cnoco6y MoweT 6biTb nonyneH apoMaTvmecKHfi 
KOHi\enrpaT, coAepwatuHM - Donee 98 Mac.% 
apOMaTM^ecKnx coeAHHeHUM m nBnnKnuiwcn 

BblCOKOKaMeCTBeHHbIM cwpbeM Ann 
npon380ACTBa TexHMMecKoro yrnepoaa (ca>KM). 

ApONiaTHHeCKHPi KOHL^eHTpaT MOJKeT TaJOKe 

ncn0jib3OBaTbCfl " b KaMecTBe 
BbicoKoapOMaTM3npoBaHHoro nnacTM0nKaTopa 
pe3HH0Bbix cMecePi Ha ocHOBe nonnpHbix 
Kay^yKpB. 

BaxyywHbie rasotinu cnywar cwpbeM 
npoi^eccoB ri/iApoKpeKUHra u KaTannTMMecKoro 
KpeKUHra, k KOTopoMy npeA~bnBnnK)Tcn 
AOCTaTOMHo KecTKne Tpe6oBaHnn no 
coAepwaHwo nonni^MKnuMecKnx apoMaTwnecKHx 
ymeBOAopoAOB, reTepoaTOMHbix coeAHHeHwft m 
Tflxenbix MeTannoB. noBbiweHHoe ux 
coAepMOHMe b BaxyyMHbix rasofinnx cHvwaeT 
TexHMKO-OKOHOMMHecKne noKasaTenn 
KpeKMHr-npoueccoB: npHBOAUT k ycnneHHOMy 
KOKcoo6pa30BaHHK), ycKOpeHHoCi Ae3aKTH8at4nn 
KaTann3aTopoB, cHuweHwo cTeneHu KOHBepcun 

Cbipbfl M BblXOfla 6eH3HH0BblX (JlpaKL^MM, HH3KOMy 

KanecTBy nonynaeMbix Tonnns [Ind. Eng. Chem. 
Res. 1998. V.37. N12. P.4637-4640]. 

H3BecTeH cnoco6 ohwctku BaKyyMHbix 
rasofinefi c L^enbK) nonyMeHwn CMa30MHbix 
Macen, 3KcnnyaTaL\noHHbie csoPicTBa KOTOpbix, 
KaK m cbipbn Ana KpeKHHr-npoL^eccoB, 

CHMKaMDTCfl npU nOBbltiieHHOM coAepwanuu 

nonni^nKJiMMecKnx apOMainnecKnx 
ymeBOAopoAOB h reTepoaTOMHbix coeAWHeHufi, 
wuakocthow sKCTpaKi^neM c ucnonb30BaHweM 
ceneianBHbix pacrBopuTenefi - 4>eHona, 
0ypo>ypona, N-MeTnnnwpponnAOHa [Ka3aKosa 

Jl. n. , Kpe^H C.3. <t>H3HKO-XHMHHeCKI/ie OCHOBbl 

npon3BOACTBa HecpTAHbix Macen. M.: XHMun, 
1978]. 

06muft HeAQCTaTOK npoL^eccoB ceneicmBHofi 
omuctkh Macn^Hbix cfDpaKLjKfi oahmm nonnpHbiM 
3KCTpareHTOM - HeabicoKan KOHi^eHTpai^nq 
apeHOB b OKCTpaiae 75-80 Mac. %. 

HanGonee 6nn30K no TexHMMecKofi cyu^HocTM 
u AOCTuraeMOMy scfccfreKTy cnoco6 ohhctkh 
HeCf)TflHblX c^paKijufi Hecf)TM AByMfl 
HecMeiunBaiou^uMMCfi pacTBopnTenHMn - 
nonnpHbiM n Henpn«pHb!M: 
N-MeTunnwpponnAOHOM .; reKcaHOM (nnn 
renTaHOM) [3anBKa <DPr 3207404, 1983; P>KXmm 
1984, 15n233n]. 

OcHOBHbiM HeAOCTaTKOM sToro cnoco6a 
nBnneTcn HeB03Mo>KHocTb' ; oAHOBpeMeHHoro 
nonyneHHn "HecfcrrnHorO " Macna, 
yAOBneTBOpflK>mero * coBpeMeHHbiM 

Tpe60BaHH«M, U BblC0K0ap0MaTH3Mp0BaHHb1X 

sKCTpaKTOB, hto He no3BonneT ncnonbsoBaTb mx 
b KanecTBe cbipbn Ana nonyHenun TexHunecKoro 
yrnepoAa. 

C uenbK) noBbiLueHMR ceneicrnBHOCTH 
npouecca omuctkm BaKyyMHbix ra3oC^neM ot 
nonni^nKnuHecKnx apeHOB, . reTepoaTOMHbix 
coeAMHeHHfi n coeAHHeHUM TfDKenbix MeTannoB 
c OAHoapeMeHHbiM nonyneHneM cbipbn Ann 
TexHunecKoro yrnepoAa c bwcokmm MHAeKCOM 
Koppen«4MM npeAnaraeTcn ucnonb30BaTb 

KOM6HHHpOB3HHbiCl npOl^eCC 3KCTpaK«4HH 
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BaKyyMHoro ra30fcrm ABywfl pacTBOpnTennMn: 
N-MeTnnnwpponviAOHOM m H-remaHOM (win 
AeapoMaTH3npoBaHHo« 6eH3HHOBOM <ppaKi\mv\) 

C a3eOTDOnHO^ peKTMC^MKai^MeM SKCTpaKTHOM 

4>a3bi. 3TnneHrnnKonb bboahtcr b Ka^iecTBe 
a3eoTpono6pa3y»omero KOMnoHeHTa b 
3KCTpaKTHy»o c})a3y. 

B Taoa 1 npuseAeHa xapaicrepMCTHKa 
BaKyyMHoro ra3oflna, flBnnioi^erocfl cwpbeM Ann 
KaTannTMMecKoro KpeKUHra m rMApoKpeKMHra, 
nonyneHHoro c ycTaHOBKM nepBMHHOM neperoHKM 
ne<pT\A. 

CeneKTMBHaa onucTKa BaKyyMHoro ra30Mnn 
npoBOAnnacb npOTHBOTOHHOfi sKCTpa^new 
AByMa pacTBOpMTennMM (Ta6n. - 2): 
N-MeTunnupponnAOHOM m' renTaHOM (onbiT 1) 
nnn AeapoMaTM3MpoBaHHOM 6eH3MH0B0vi ' 
4)paKi^nePi 62-105°C (onbiT 2). Ha CTaAnn" 
pereHepai^nn pacTBopnTenePi H3 sKCTpaKTHOM 
4)asbi b onbiTax 1 n 2 Ao6a8nnncn- 
a3eoTpono6pa3yK)u\nPi KOMnoHeHT 
3TnneHrnnKonb. 

Pe3ynbTaTbi SKCTpaKUMOHHOM omuctkh 
BaKyyMHoro rasotfnn no npeAnaraeMOMy 
cnoco6y c ncnonbsoBaHueM a3eoTponHoro 

KOHl^eHTpMpOBaHUn 3KCTpaKT3 c 

3TnneHrnnKoneM (onbiTbi 1 m 2) w 6e3 
ncnonb30BaHnn STuneHrnnKonn (onbiT 3) 
npuBeAeHw b Ta6n.3 (ocTanbHbie ycnoBMfl 
npoBefleHUfl onbna 3 aHanorMHHbi onbrry 1). 

KaK cneAyeT us AaHHbix, npuBeAeHHbix b 
Ta6n.3, ncnonb30BaHne sTuneHrnnKonn (10 Mac. 
% Ha N-MeTunnupponnAOH) npuBOA^T k 

CHH)KeHHK) nOTepb C SKCTpaKTHOfi Cj)a30M 

Hacbii^eHHbix ymeBOAopoAOB, KOTopbie 
nBnnwTcn LieHHbiMn KOMnoHeHTaMn Ann 
nocneAytoiAMX npoueccoB rn ApOKpeKM h ra nnn 
KaTannTMHecKoro KpeKUHra. TaK, KOHL^eHTpai^nn 
apOMaTunecKnx ymeBOAopoAOB b SKCTpaKTe 
noBbiLuaeTcn c 94.4 ao 99.1'Mac%, r.e. noTepn 
HacbtiueHHbix ymeBOAopoAOB c 3KCTpaicroM npn 
npMMeHeHnn a3eoTponHofi peKTuc^MKai^Mn 

QKCTpaKTHOM Cj)a3bl CHH3HnMCb C 5.6% flO 0.9%. 

HHAeKC Koppe/ini^nn apoMaTMnecKoro 
KOHL^eHTpaTa, nonyneHHoro no npeAnaraeMOMy 
cnoco6y, cny>Kainn^ BaxHefiniMM noKa3aTeneM 
npuroAHOCTH cupbn Ann nonyMeHun 
TexHMMecKoro yrnepoAa, noHTH Ha 10 nyHKTOB 
Bwaie, hgm no npoTOTHny. 

TaKMM o6pa30M, a3eoTponHan 
peKTuc^MKaqnn SKCTpaKTHOM cfia3bi c 
STuneHrnnKoneM npuBOA^T k ynyHUjeHksra 
KanecTBa pac|)MHaTa KaK cbipbn Ann 
KpeKMHr-npoi^eccoB, TaK m k noBbiiueHwo 
KaMecTBa SKCTpaiaa KaK cbipbn Ann 
npon3BOACTBa TexHMMecKoro yrnepoAa (ca>KM). 

npMMep 1 (Ta6n. 3, onbiT 1). 

B HH>KHHDK) HaCTb HacaAOHHOVl 

3KCTpaKl^HOHHOlJl KOTIOHHbl 3Cf)0>eKTMBHOCTblO 5 

TeopeTi/mecKMx CTyneHew noAawDT npn 
TeMnepaType 60°C BaKyyMHbtPi ra30iinb (pacxoA 
100 r/n) m renTaH (40 r/n), a b BepXHiOHD 
MacTb - N-MemnnupponwAOH c 10 Mac.% BOAbi 
(pacxoA 200 t/m). B pe3ynbTaTe npOTHBOTOMHotf 
3KCTpaKL\nn nocne BbixoAa Ha. cTa6nnbHbift 
pe>KMM OT6npaioTCfl OAHOBpeMeHHo 6anaHcoBbie 

KOnHMeCTBa SKCTpaKTHOM H pa0MHaTHOM ($33 

(210.8 r m 129.2 r cooTBeTCTBeHHO). 

H3 pacf)HHaTHOii 4)a3bi Ha 
peiawjMKauuoHHOfi KonoHHe (20 Teop. TapenoK) 
OTroHRjoT a3eoTpon renTaHa c boaom, 3aTeM noA 
BaKyyMOM N-MeTunnupponnAOH. Ky6oBbiM 
ocTaTOK - yrneBOAopoAHa'n nacTb (pacfinHaT) - 
npoMbiBawT boaom m aHannsnpyioT. donyneHo 
87.4 r pac|)HHaTa, coAep^au^ero 49.1 Mac.% 
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cynb#MpyK>mnxcH coeAMHeHHM. . 

B aKCTpaKTHyK) 0a3y Ao6a'B/iflK)T 5 r 
STuneHrnHKona m Ha pexTwcfjuKaLjHOHHovi 

KOriOHHe 300eKTHBHOCTbK) 10 TeOpeTUMeCKMX 

Ta penoK ottohrhdt nocnefloeaTenbHo a3eoTpon 
remaHa c boaom, a3eoTponH>ie CMecu 
3TnneHrnnKOJi« c HacbiineHHbiMH 
ymeBOAOpoflaMM SKCTpaKTHOtf ct>a3bJ m 3aTeM 
noA BaKyyMOM N-MeTnnnnpponnAOH. : 

A3eoTponHaa cMecb 3TwneHrnnKonfl c 
HacbimeHHbiMn yrneBOAOpoAaMH nocne 
oxna>KAeHM« pa3AenfteTcfl Ha Asa cnoa. 
BepxHUM cnoM - HacbimeHHwe yrneBOAopoAbi 
(0.6 r) HanpaBJiflK)T b pac^nnaT. Oo"mnfi bwxoa 
pacfiMHaia (88 r) - BbicoKOKaMecTBeHHoro cbipba 
Ann KpeKUHr-npoijeccoB - cocTaBHn 88.0 Mac.% 

Ha Cblpbe GKCTpaKL^HM. 

Ky6oBbiM ocTaTOK (12 r) coAepwrn 99.1 
Mac.% cynbc£npyioinnxcfl coeAMHeHUM, wMeeT 
hhaskc KOppennuuM 124 \a mo>kgt GbiTb 
ucnonb30BaH kbk BbicoKOKanecTBeHHoe Cbipbe 
Ana npon3BOACTBa ca>Kn. 

ripuwiep 2 

B HH>KHIOK) nacTb HacaAOHHOM 

3KCTpaKL|HOHHOPi KOflOHHbl 3<}xf)eKTWBHOCTbK) 5 

reopeTunecKnx crynenetf noAaror npn 
■ TeivinepaType 60°C BaKyyMHbiw ra3ofinb (pacxoA 
100 rN) \a AeapoiviaTM3MpoBaHHyK) 6eH3MHOByio 
4>paKqnK) (50 t/m), a b BepXHK)K> nacTb - 
N-MeTMnnupporiMAOH c 8 Mac.% BOAbi (pacxc-A 
300 r/H). B pe3yribTaTe npoTMBOTOHHofi 
3KcrpaKL^nn nocne BbixoAa Ha CTaCmnbHbiPi 
pe>KMM oT6npa(OTCfl OAHOBpeMeHHO 6anaHcoBbie 
KonnnecTBa SKCTpaKTHofi u pacjMHaTHoPi <£a3 
(314.1 r m 135.9 r cootbstctbghho). 

t/to pa4)HHaTHOM <£a3bi Ha 
peKTn0nKai4noHHOi?i Konc-HHe (20 Teop. TapenoK) 
oTronqeT aseoTpon 6eH3HHOBofi cfipaKLjun c 
BOAoPi, 3aTeM roa BaKyyMOM 

N-MeTunnupponnAOH. KyooBbifi ocraTOK 
yrneBOAOpOAHa^ nacTb (pacpuHaT) - npoMbiBatoT 
boaom m aHann3MpyioT. rionyneHo 80 r 
pac^nHaTa, coAepwamero 45.5 Mac.% 
cyrtbc£>npyiomnxcH coeAMHeHMfi. 

B SKCTpaKTHyK) <£a3y Ao6aBnflK)T 20 r 
OTwneHrnmom n Ha peKTUcpi/iKaL|uoHHO.ia 
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KOfiOHHe SCjX^eKTHBHOCTbK) 10 TeopeTMHBCKHX 

TapenoK ottohhjot nocneAOBaTe/ibHO a3eoTpon 
remaHa c boaom, aseoTponHwe CMecu 
sTuneHrnnKoriR c HacbimeHHbiMw 
ymeaoAopoAaMU sxcTpaicrHOM <$a3bi v\ 3aTeM 
noA BaKyyMOM N-MeTM/inupponnAOH. 

AseoTponHan CMecb 3TnneHmnKonn c 
HacbimeHHbiMM yrnesoAopoAaMn nocne 
oxna>KAeHMR pasAenaeTca Ha ABa cnoa. 
BepxHi/iw cnotf - HacbimeHHbie yrnesoAopOAbi 
(0.9 r) HanpaBnflKDT b pa$wHaT. 0&u\v\\a BbixoA 
pa0HHaia (80.9 r) - BbicoKOKanecTBeHHoro 
cwpbfl aha KpeKUHr-npoijeccoB - cociaBun 80.9 
Mac.% Ha cbipbe 3KCTpaKmiM. 

Ky6oBbifi ocTaTOK (-19.1 r) coAepwm 96.3 
Mac.% cynbc{>npyioiAuxcp coeAUHeHwPi, HMeeT 
nHAeKC Koppen^unn 120 m MO)KeT 6biTb 
-ncnonb30BaH kbk BbicoKOKanecTseHHoe Cbipbe 
Ana npon3BOACTBa ca>KM. 

OopMyna n3o6peTeHna: 

Cnoco6 ohuctkm BaKyyMHoro ^Fa30i?in?i c 
oflHOBpeMeHHbiM nonyneHHeM 
BbicoKOKanecTBeHHoro cbipbn ahh npoi4eccoB- 
ruApoKpeK^Hra n KaiannTMHecKoro KpeKHHra, a 

TaiOKe BblCOKOKOHUeHTpMpOBaHHblX 

apoMaTunecKnx SKCTpaKTOB - cwpbn w\n 
npou3BOAQTBa TexHunecKoro yrnepoAa (ca>KM) t 
oTnuMawLUnPicfl reM, hto ohmctky npoBOA^T 
KOM6nHnposaHHbiM npoueccoM jkmakocthom 
3KCTpaKL(nn AByMA pacTBopurenflMn - nonapHbiM 
\a HenonapHbiM c nocneAyioiAeM a3eoTponHoPi 
peKTHG>HKai4nePi 3KCTpaKTHoPi <t>a3bi c 
pacTBOpmeneM, o6pa3yK3LAHM aseoTponHbie 
CMecu c HacbimeHHbiMH ymeBOAopoAaMw 
SKCTpaxiHoPi (pazhi, nptmeM b KanecTBe 
non^ipHoro pacTBopnTenn ncnonbsywr 
N-MeTunnupponnAOH, coAep>KaiAM^ 8-10 Mac.% 

BOAbl HpM MaCCOBOM COOTHOUjeHMH K CblpbK) 

2-3:1, b KanecTBe Henon^pHoro pacTBopurens 
ncnonb3yioT H-remaH nnn 

AeapoMaTM3npoBaHHyK> 6eH3nHOByK> cppaKijuio b 

MaCCOBOM COOTHOlLieHUM K CbtpbfO SKCTpaKl^MM 

0,4-0,5:1, b xaMecTBe a3eoTpono6pa3yK)tnero 
areHTa - sTuneHrnnKonb np^i MaccoBOM 
cooTHomeHMn k cbipbio 3KCTpaKi4HM 0,05-0,2:1. 
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T a 6 n u u a 1 

XapaKtepucTHKa BaKyyMHoro ra3ofina 



rioKasaTB/iM 


BaKyyMHbiM ra30wnb 


npeAeribi KuneHna, °C 


350-510 


nnoTHOCTb p 4 30 


0,915 


Coflep>KaHne cynbcJwpyiomMxcfl, Mac.% 


54,8 


Coflepwainue cepbi, Mac.% 


1,18 


ConepwaHwe MeTannoB, Mac.% (W, V, Ni, Fe) 


33-10 4 


KoKcyeMOdb, Mac.% 


0,90 


HHfleKC KOppe/lflUMM ' 


' 50,6 



.,- T a 6 jrtf-ua 2 

ycnoBMq OKCTpaKMHOHHoPi ohmctkh Tfwenoro sai<yyMHoro ra3ownfl 



rioKa3aTenb 


OnbiT 1 


OnbiT 2 


Mucno TeopeTMnecKnx CTyneHeM 


5 


. 3 


TeMnepaTypa, °C 


60 


60 


CoflepwaHuie BOAbi b N-MeTMJinupponnAOHe, Mac.% 


10 


8 


Mace. coojHoujeHne N-MI1 : cbipbe 


2 : 1 


3:1 


Mace. cooTHOiueHne HenonapHbifi pacTBopnTenb : cbipbe 


0,4 : 1 


0.5 : 1 


Mace. cooTHOiueHne aTunemnnKonb : cbfpbe 


0,05 : 1 


0,2 : 1 



T a 6 n n'ua 3 

Pe3y/ibTaTbi 3KCTpaKqnoHHoPi ohhctkh BaKyyMHoro ra3ofinfl 



noKa3aTenn ■■■ 


C a3eoTponHb!M 


Be3 a3eoTponHOM 




KOHueHTpupoBaHueM 


peKTnc})HKaunn 




3KCTpa«ra 




3KCTpaKTHOM c£a3bl 




OnbiT 1 


OnbiT 2 


(onbiT 3) 




BbixoA pacf>nHaTa, Mac.% 


88,0 


80,85 


87,4 


CoAep>t<aHne cynbcjDMpytoLAUXCfl, Mac.% 


48,8 


45,0 


49,1 


CoAep>i<aHMe cepbi, Mac.% 


0,78 


0,51 


0,80 


KoKcyeMOdb, Mac.% 


0,77 


0,41 


0,8 


nnoTHOCTb npn 20°C 


0,895 


0,890 


0,896 


CoAep>KaHne MeTannoB, Mac.% (W } V, Ni, Fe) 


1,85-10 4 


1,3-10* 


1,9-10 4 


ApOMaTMHeCKVW KOHqeHTpaT 




3KCTpaKT 


BbixoA apoMaTunecKoro KOHueHTpaia 


12,0 


19,1 


12,6 


(aKCTpaKTa), Mac.% 








CoAepwaHHe cynbcjwpyioLUHxcfl, Mac.% 


99,1 


96,3 


94,4 


CoAep>KaHne cepbi, Mac.% 


3,9 


4,0 


3,78 


nnoTHOCTb npn 20°C 


1,07 


1,06 


1,05 


^HAeKC KoppenauHM 


124 


120 


114,6 


KoKcyeMOCTb, Mac.% 


1,85 


1,73 


1,44 



